The relation between exposure to As,03 fumes and dust, and the urinary excretion of inorganic arsenic metabolites (monomethylarsonic acid, dimethylarsinic acid, unchanged inorganic arsenic) has been studied in 18 workers from a sulphuric acid producing plant. (fig 1) and permitted the development of a more specific biological monitoring method than the determination of total arsenic in urine.
and dust, and the urinary excretion of inorganic arsenic metabolites (monomethylarsonic acid, dimethylarsinic acid, unchanged inorganic arsenic) has been studied in 18 workers from a sulphuric acid producing plant. The concentration of arsenic in the breathing zone of each worker was measured during five consecutive days and urine samples were obtained after one shift and before the next. The collection efficiency of the air sampling system exceeded 95%. The time weighted average exposure (TWA) concentrations of As,03 ranged from 6 to 502 pg AsIm3 and were log normally distributed. Although exposure probably occurred by ingestion as well as inhalation, statistically significant correlations (log scales) were found between airborne TWA of As203 and the inorganic arsenic metabolites in urine collected immediately after the shift, or just before the next shift. For a TWA of 50 pg As/m3, the mean concentration of the sum of the three inorganic arsenic metabolites in a postshift urine sample amounted to about 55 pg arsenic/g creatinine (95% confidence interval (95% CI) 47-62). Higher estimates of urinary arsenic reported by other authors are probably due either to the influence of dietary organoarsenicals when total arsenic is measured in urine or to a low retention efficiency of the air sampling system for As,03 in the vapour phase.
After their absorption, inorganic trivalent arsenic compounds are mainly excreted in the urine.'2 Assessment of occupational exposure to inorganic arsenic has usually been carried out by measuring the concentration of total arsenic in urine collected at the end of the shift or at the beginning of the next shift. This measurement cannot distinguish between occupational exposure to inorganic arsenic and absorption of organoarsenicals (mainly arsenobetaine) of 1) and permitted the development of a more specific biological monitoring method than the determination of total arsenic in urine.
It has now been shown that when exposure has been to inorganic arsenic, the only significant arsenic species excreted in urine are monomethylarsonic acid (MMA), dimethylarsinic acid (DMA) and inorganic arsenic (Asi). The determination of the three arsenic species in urine, therefore, is the method ofchoice for the biological monitoring of workers exposed to inorganic arsenic as this measurement is not influenced by the presence of organoarsenicals of dietary origin. In non-occupationally exposed subjects, the sum of the concentration of the three metabolites in urine is usually less than 10 ig/g creatinine.'
So far, only two studies have attempted to assess the relation between the urinary excretion of inorganic arsenic metabolites (Asi + MMA + DMA) and exposure to As20, and their conclusions are different. In 82 copper smelter workers, Smith During five consecutive days, after two days already at work, the 18 exposed workers were equipped during the whole shift with a personal sampler for the collection of As203 fumes and dust (see later) and they provided spot urine samples immediately after the shift (2.00 pm) and just before the start of the next shift the following day (6.00 am). The postshift urine samples were collected after the workers had removed their workclothes and washed their hands. On the next two days off work and the day of return to work a sample of urine was also collected at 8.00 am. For the control workers, assessment of environmental exposure to arsenic with a personal sampler, and the urine collection after the shift and before the next shift, were only carried out on one day.
AIR SAMPLING
Personal air sampling was performed with a battery operated pump (type AFC123 Casella Ltd, London) connected to a filter holder attached to the shoulder of the subject. Air was aspirated at a flow rate of 1.5 1/min through a cellulose acetate filter (Millipore AAW, P03700, porosity 0-8 gm, diameter 25 mm).
Twelve hours before use, 0-3 ml ofa glycerol solution (containing 5 ml glycerol and 9-5 g Na,CO3 made up to 100 ml with H,O) had been uniformly applied. '3 The excellent collection efficiency of the treated filter for As2O3 dust and fumes was confirmed in a separate field experiment. For this purpose, an impinger containing 150 ml 0-1 N NaOH as scrubbing solution was placed between the pump and the filter. The system was operated as a static sampler and was placed for about four hours at 1-5 m above ground at four workplaces representative of the main working areas. Arsenic in air was found to be 19-164 pg/m3.
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The total amount ofarsenic collected on the filter and in the scrubbing solution ranged from 6-6 to 50 6 Mg.
The fraction retained on the filter always exceeded 95% of the total. Personal sampling, therefore, was carried out with the treated filter only.
ANALYSES Air
The filter was placed in a beaker, 5 ml HNO3 (65%) and 1 ml saturated aqueous Mg(NO3), were added, and the contents, heated to 95°C for one to two hours until dissolution of the filter occurred. The residue was redispersed in 20 ml of demineralised water and 10 ml transferred into a crucible to which 1 g MgO and 1 ml saturated aqueous Mg(NO,)2 were added. After evaporation on a hot plate (950C) the crucible was placed in a muffle furnace and maintained at 600°C for 1-5 hours. After cooling, 20 ml 12 5 N HC1 was mixed with the residue. The crucible was placed on a hot plate to allow complete dissolution of the material and the final volume adjusted to 25 ml.
The arsenic content of the sample was measured with the same technique as that used for urine (arsine generation (Perkin Elmer MHS-20) followed by atomic absorption spectrometry (Varian AA 1275)). As in air (,ug As/m3) (1*6-14-7)
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Results are expressed as geometric mean and range (range only for control workers).
solution. It was checked that known amounts of As,03 directly deposited on the filters were completely recovered.
Urine
The contents of Asi, MMA, and DMA in urine were determined as described previously. As in air (,ug As/m3) Figure 4 Correlation between inorganic arsenic concentration in urine after shift (Asi -u(A)) and the airborne concentration of arsenic.
502 Mg arsenic/m3n. For the four control workers, the breathing zone air concentration of arsenic ranged from 0 1 to 0-3 Mg arsenic/m3i. The concentrations of arsenic metabolites in urine were also log normally distributed. (table 3) .
Discussion
The airborne concentrations of arsenic at the control workplaces (0-1-0-3 jg arsenic/m') fall in the range measured in some cities.'6 The concentrations of arsenic metabolites in urine of control workers also correspond to the usual background value in Belgium. In the sulphuric acid producing plant, the mean airborne concentrations of As,O, and the urinary concentrations of the arsenic metabolites remained rather constant throughout the work week. Only for Asi was the mean concentration in urine collected after the shift significantly higher than that found the next morning. The proportion of Asi in urine fell from 25% of the total after the shift to 14% before the next shift. These results are in agreement with the results ofour previous toxicokinetics studies in human subjects.'2
The correlation coefficients between the concentration of each arsenic metabolite in urine collected after or before the shift and the airborne concentration of inorganic arsenic were statistically significant but were rather low; they varied between 04-0-5 for Asi and DMA and were even lower (0-2-0-3) for MMA (table 2) . This may be due to the fact that inhalation is not the only route ofintake ofarsenic but exposure by direct ingestion of dust is likely to occur as we have previously found in another factory.'7 The interindividual variability in the relative importance of the biliary and urinary routes of arsenic excretion may also play a part.
The correlation coefficient between airborne con- 
